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abstract 


!  ' 

The  biological  effects  of  tetrachloroethylene ,  an  important  indus¬ 
trial  solvent,  have  been  described  in  studies  of  various  designs.  Human 
experimental  studies  and  surveys  of  exposed  workers  have  noted  neurologies, 
signs  and  symptoms  of  mild  to  moderate  severity  from  vapor  levels  accept¬ 
able  for  the  work  environment.  Although  tetrachloroethylene  is  known  to  b« 
lipophilic,  adverse  human  reactions  to  its  vapor  have  not  been  studied  in 
relationship  to  the  relative  body  fat  of  exposed  workers.  The  results  of  i 
study  of  occupationally  exposed  workers  are  presented  and  analyzed  in  rela¬ 
tionship  to  measured  body  fat.  Proposals  for  further  studies  are  suggested 
to  investigate  further  the  association  between  adverse  response  to  tetra¬ 
chloroethylene  vapor  exposure  and  subject  body  fat.  , 
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I  INTRODUCTION 


Tetrachloroethylene  (C^^CCl^,  perchloroethylene)  is  a  solvent  widely 
used  as  a  degreaser  in  industrial  maintenance  facilities  and  as  the  principal 
agent  for  commercial  dry  cleaning.  Its  use  has  increased  during  the  past 
several  years  in  industry  because  of  its  reported  lower  hepatic  toxicity  as 
compared  to  trichloroethylene,  the  solvent  previously  used  as  a  degreaser. 

The  absence  of  Environmental  Protection  Agency  regulations  regarding  the  dis¬ 
charge  of  tetrachloroethylene  vapors  is  an  added  incentive  for  industry  to 
use  tetrachloroethylene  (TCE).  TCE  use  may  also  be  found  in  the  chemical 
industry  as  an  intermediate  substance  in  the  manufacturing  and  processing  of 
ether,  drugs,  rubber,  soap,  tar,  wax,  and  fumigants. 

Exposure  can  occur  by  inhalation  of  the  vapors  and  by  percutaneous 
absorption  of  the  liquid  with  the  latter  causing  a  dermatitis  but  relatively 
little  systemic  intake.  Of  greater  concern  is  the  inhalation  route  as  TCE 
is  readily  absorbed  by  the  pulmonary  circulation.  The  symptomatology  and 
toxicity  of  TCE  have  been  established  by  both  animal  and  human  experimental 
studies.  Effects  of  acute  exposure  to  high  levels  of  the  vapor  include  cen¬ 
tral  nervous  system  depression,  hepatic  injury,  and  anesthetic  death  (U.  S. 
Department  of  Health,  Education,  and  Welfare,  1977).  Lower  level  experi¬ 
mental  exposures  have  resulted  in  malaise,  vertigo,  and  fatigue  (Kovarik,  et 

/ 

al. ,  1973;  Stewart,  et  a^.,  1970). 

Studies  of  exposed  workers  have  produced  varying  reports.  One  study, 
noting  the  neurological  signs  and  symptoms  of  workers  exposed  to  levels  of 
200  ppm  to  2500  ppm,  concluded  that  the  symptoms  were  the  result  of  inade¬ 
quate  or  defective  functioning  of  the  liver  and  the  suprarenal  gland  cortex 


1 


in  response  to  the  insult  rather  than  to  the  excessive  exposure  to  TCE  per 
se  (Chmielewski,  et  al. ,  1976). 

Of  greater  concern  is  the  effect  upon  workers  who  work  in  environ¬ 
ments  which  do  not  exceed  the  established  threshold  limit  value  (TLV)  of 
100  ppm  (670  mg/nr)  or  where  excursions  in  excess  of  the  limits  were  tran¬ 
sient,  in  other  words,  establishments  which  are  considered  to  be  "clean" 
regarding  vapor  control  and  exposure.  Long  term  exposure  to  TCE  in  these 
facilities  caused  hemorrhagic  pneumonia,  pulmonary  edema,  liver  cell  necro¬ 
sis,  and  heart  muscle  fat  accumulation  (Muenzer  and  Heder,  1972).  Head¬ 
ache,  fatigue,  nervousness,  sleepiness,  vertigo,  and  a  feeling  of  inebria¬ 
tion  have  been  reported  in  surveys  of  workers  regularly  exposed  to  TCE 
vapors.  One  study  reported  72.5$  of  the  workers  with  such  subjective  com¬ 
plaints  and  45$  of  those  ill  showed  clinical  signs  of  neurosis  (Kovarik,  et 
al.  1973).  This  study  gains  added  significance  since  it  was  a  survey  in  a 
Czechoslovakian  industry  where  the  TLV  is  about  33  ppm  or  one  third  of  the 
United  States  limit.  Although  the  study  used  a  control  group  composed  of 
workers  from  another  branch  of  the  industry,  the  accurate  documentation  of 
symptoms  relating  to  a  lack  of  well-being  is  subject  to  considerable  bias 
even  though  the  symptoms  are  compatible  with  the  known  effects  of  the  sol¬ 
vent. 

Tetrachloroethylene  is  known  to  be  highly  soluble  in  lipids.  An 
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animal  study  revealed  marked  uptake  and  sequestration  of  the  solvent  in  the 
fatty  tissue  of  rats  (Savolainen,  et  aj,. ,  1977)  and  another  study  suggested 
that  the  toxicity  of  chlorinated  hydrocarbons  is  related  to  it3  distribu¬ 
tion  in  different  types  of  tissue  (Sato  and  Nakajima,  1979).  Exposed  work¬ 
ers  will  absorb  different  quantities  of  the  solvent  based  on  general  body 
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size  but  the  quantity  will  be  directly  proportional  to  the  capacity  of  the 
metabolic  and  excretory  systems  and  no  significant  difference  in  toxic 
effects  would  be  expected.  Solvent  absorption  will  also  be  related  to  per¬ 
cent  body  fat  where  the  de-toxifying  mechanisms  would  not  be  directly  pro¬ 
portional  to  the  solvent  load.  Therefore,  workers  with  the  same  lean  body 
mass  but  with  different  body  fat  mass  would  be  expected  to  respond  to  iden¬ 
tical  solvent  exposures  differently.  Workers  with  a  higher  percentage  of 
body  fat  may  experience  more  symptoms  or  more  prolonged  duration  of  symptoms 
as  compared  to  leaner  co-workers  due  to  the  former  having  increased  fatty 
storage  of  the  solvent  and  subsequent  increased  internal  exposure  as  the 
solvent  is  excreted.  Conversely,  high  body  fat  may  provide  a  protective 
mechanism  as  it  competes  with  the  central  nervous  3y3tem  for  the  solvent, 
stores  it,  and  excretes  it  at  a  level  below  the  symptomatic  threshold. 

Since  it  is  uncertain  which  mechanism  might  take  precedence,  both  the  high 
percent  and  low  percent  body  fat  workers  (or  abnormal  body  fat  collectively) 
should  be  considered  to  be  at  different  risk  from  TCE  vapor  exposure. 

Worker  surveys  have  not  addressed  body  fat  as  a  factor  in  tolerating  expo¬ 
sure  to  TCE  vapors. 

It  is  generally  recognized  that  workers  self-select  themselves 
among  the  various  occupations  to  some  degree,  based  on  biological  endow¬ 
ments.  This  is  most  readily  observed  in  the  occupations  which  require 
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unusual  strength,  dexterity  or  intellectual  ability.  No  less  significant 
is  the  distribution  resulting  from  biological  variabilities  which  are  less 
apparent  but  yet  effectively  determines  occupation  or  job  site.  A  worker's 
selection  of  and  satisfaction  at  a  job  site  is  as  much  the  result  of  his 
feeling  of  well-being  as  it  i3  a  result  of  his  ability  to  master  the 
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necessary  skills  and  his  acceptance  of  adequate  compensation  and  benefits. 
This  study  attempted  to  determine  if  abnormal  body  fat  produced  sufficient 
feeling  of  lack  of  well-being  from  TCE  vapor  exposure  to  result  in  out¬ 
migration  from  that  shop  by  susceptible  workers. 

This  study  used  a  one-time  determination  of  the  percent  body  fat  of 
two  groups  of  workers — one  group  regularly  exposed  to  TCE  vapors  and  anoth¬ 
er  group  at  the  same  facility  who  had  no  regular  occupational  exposure  to 
organic  solvents.  The  body  fat  determination  was  based  on  the  method  of 
Fuchs,  Theis,  and  Lancaster  (1978)  where  percent  body  fat  can  be  calculated 
from  three  measured  parameters:  body  height,  body  weight,  and  the  circum¬ 
ference  of  the  flexed  biceps  (see  Appendix).  The  percent  body  fat  for  the 
two  groups  was  compared.  Interpretation  depended  on  the  assumptions  that: 
(l)  workers  exposed  to  the  low  level  vapor  concentrations  allowed  in  indus¬ 
try  would  experience  the  unpleasant  neurological  symptoms  described  in  the 
literature,  (2)  workers  in  both  shops  are  normally  distributed  as  to  per¬ 
cent  body  fat  upon  entry  to  employment  at  the  facility,  (3)  workers  with 
abnormal  body  fat  would  be  more  susceptible  to  TCE  vapors  and  would  experi¬ 
ence  more  severe  or  more  prolonged  symptoms,  and  (4)  workers  in  the  solvent 
shop  will  have  had  sufficient  time  to  be  regularly  exposed  to  TCE  vapors, 
to  experience  neurological  symptoms,  to  make  a  choice  regarding  continuing 
work  in  that  shop,  and  to  implement  a  change  in  job  location  if  felt  neces- 
sary,  i.e.,  that  job  site  migration  via  self-selection  is  operative. 

A  difference  in  percent  body  fat  between  the  exposed  and  the  non- 
exposed  groups  would  be  suggestive  that  body  fat  is  a  factor  in  tolerating 
exposure  to  TCE  vapor  levels  considered  acceptable  by  industrial  standards. 
This  study  serves  as  a  preliminary  indicator  that  body  fat  is  a  factor; 
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additional  studies  will  be  necessary  to  clarify  and  support  any  relation¬ 
ship  that  exists.  Following  the  presentation  of  the  results  and  discussion 
of  this  3tudy ,  proposals  are  presented  which  could  refine  and  expand  this 
study  to  improve  the  quality  of  the  results  by  altering  the  population  base 
or  the  study  design.  A  more  detailed  discussion  of  the  dynamics  and  metab¬ 
olism  of  TCE  will  follow  with  suggestions  as  to  how  the  use  of  biological 
specimens  and  monitoring  techniques  could  produce  alternative  study  designs. 


II  SURVEY 


A.  Site  and  Participant  Selection 

The  jet  engine  maintenance  facility  at  Kelly  Air  Force  Base,  Texas, 
was  selected  as  the  study  site.  A  relatively  large  group  of  workers  was 
believed  to  be  regularly  exposed  to  TCE  vapors.  The  shops  that  use  TCE 
are  not  monitored  for  vapor  concentration  on  a  regular  basis  but  surveys 
are  conducted  when  defective  machinery  is  suspected  or  altered  work  habits 
occur  regarding  the  use  of  the  solvent.  The  irregular  surveys  that  have 
been  conducted  during  normal  operating  conditions  have  shown  the  shops  to 
be  within  the  Federal  standards  of  100  ppm  on  an  eight  hour  time-weighted 
average  with  a  ceiling  concentration  of  200  ppm.  Consultation  with  the 
Occupational  Health  Service  at  the  facility  revealed  that  no  worker  had 
been  known  to  present  to  the  clinic  with  symptoms  referable  to  excessive 
TCE  vapor  exposure. 

A  preliminary  walk-through  of  the  facility  was  conducted  to  deter¬ 
mine  the  sites  of  U3e  of  TCE,  related  work  procedures,  personnel  involved, 
and  the  level  of  readily  detectable  odor  of  TCE  during  normal  operating 
conditions.  Two  sites  surveyed  met  the  criteria  of  the  study  for  workers 
regularly  (daily)  working  with  and  exposed  to  TCE  vapors.  Operations  in¬ 
volved  the  degreaser  and  decarbonizing  of  aircraft  parts  that  had  been  pre- 
viously  disassembled.  Parts  were  placed  in  a  basket  and  lowered  into  a 
vapor  degreaser  at  a  controlled  rate  by  a  chain  hoist.  The  TCE  reservoir 
is  heated  to  250°F  and  the  vapors  that  are  emitted  are  allowed  to  saturate 
the  parts  and  excessive  vapors  are  cooled  and  the  condensed  liquid  TCE  re¬ 
turns  to  the  reservoir.  Vapors  that  escape  the  cooling  process  rise  in  the 
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tank  to  be  drawn  off  by  suction  rim  vent3  which  are  exhausted  to  the  outside 
air.  The  two  sites  selected  had  TCE  vapors  readily  detectable  which  indi¬ 
cated  that  the  concentration  wa3  at  least  50  ppm.  All  the  workers  in  the 
shops  had  at  least  several  months  exposure  to  this  working  environment. 

The  non-exposed  or  control  group  selected  was  workers  employed  in  a 
different  building  where  parts  were  prepared  and  arranged  for  reassembly. 

The  physical  exertion,  job  skills,  and  pay  grades  were  comparable  for  the 
two  groups.  Only  men  were  selected  to  participate  since  the  study  method 
for  determining  body  fat  was  applicable  only  for  men. 

B.  Data  Collection 

The  data  were  collected  by  the  investigator  and  two  assistants  on 
two  consecutive  workday  mornings.  The  assistants  determined  the  height  and 
weight  of  each  participant  and  their  familiarity  with  the  procedures  re¬ 
quired  only  minimal  instruction.  Weight  was  determined  by  a  medical  bal¬ 
ance  scale  which  was  re-checked  for  zero  indication  at  zero  setting  after 
each  move  of  the  equipment.  In  accordance  with  the  advice  of  Lancaster, 
height  was  not  measured  by  use  of  the  scale  integral  with  the  balance  scale 
but  was  determined  by  having  the  subject  stand  against  a  wall  where  a  metric 
measure  had  been  accurately  placed  by  the  investigator  and  read-out  obtained 
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by  the  position  of  a  square  block  of  wood  which  had  been  placed  on  the  sub¬ 
ject's  head.  Both  measurements  were  made  after  the  subject  had  removed  his 
shoes  and  any  protective  devices  such  as  aprons,  or  gloves.  Weight  was  re¬ 
corded  after  subtracting  two  kilograms  for  the  light  moderate  weather  cloth¬ 
ing  that  the  subjects  were  wearing. 
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The  maximum  circumference  of  the  flexed  biceps  of  the  dominant  arm 
was  measured  by  the  investigator  with  a  metal  metric  measure  after  practice 
resulted  in  repeatable  measurements  to  within  0.1  cm  which  was  considered 
adequate  for  the  study.  Data  was  recorded  to  the  nearest  0.1  cm  for  height 
and  biceps  circumference  and  to  0.1  kg  for  weight. 

Data  was  obtained  during  a  one  time  visit  to  each  shop  and  partici¬ 
pation  was  determined  by  those  at  work  that  day  and  who  agreed  to  take  part 
in  the  study;  all  workers  who  were  previously  determined  to  be  suitable  for 
the  study  and  who  were  asked  to  participate  agreed  to  take  part.  The  ex¬ 
posed  group  included  12  workers  and  the  non-exposed  group  totaled  47  workers. 


Ill  RESULTS 


Figures  I  and  II  show  the  frequency  distribution  of  percent  body 
fat  for  the  exposed  and  control  groups  respectively.  The  range  of  percent 
body  fat  found  for  each  group  was  large:  the  exposed  group  had  percent 
body  fats  from  5.9  to  31 .0,  the  control  group  from  7.4  to  38.4.  The  control 
with  the  larger  sample  bears  some  resemblance  to  a  normal  distribution,  with 
a  mean  of  22.6  and  a  standard  deviation  of  7.12.  The  distribution  of  the 
smaller  exposed  group  shows  less  resemblance  to  a  normal  distribution  around 
a  mean  of  23.0  with  a  standard  deviation  of  0.01 . 

The  data  of  the  two  groups  were  subjected  to  a  t-test  to  determine 
if  there  was  any  significant  difference  between  the  percent  body  fat  distri¬ 
butions  of  the  two  groups.  The  t  value  of  0.169  that  resulted  indicated 
that  the  small  differences  in  distribution  were  as  likely  to  occur  from 
chance  as  from  any  other  mechanism  altering  the  distribution. 
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IV  DISCUSSION 


The  small  size  of  the  group  of  workers  regularly  exposed  to  TCE 
vapors  at  the  facility  was  unexpected  since  a  preliminary  investigation 
indicated  that  40-50  workers  would  be  suitable  for  the  study.  Hany  workers 
had  exposure  to  TCE  but  the  exposure  was  not  regular  or  significant,  there¬ 
fore  it  was  considered  necessary  to  eliminate  from  the  study  those  workers 
who  did  not  have  regular  daily  exposure  in  an  environment  where  TCE  vapor 
was  readily  detectable  to  the  investigator.  This  procedure  resulted  in  a 
study  group  of  only  12  workers.  Such  a  small  sample  size  presented  a  poten¬ 
tial  problem  to  the  interpretation  of  the  results  of  this  study.  Intui¬ 
tively,  a  relatively  small  shift  of  percent  body  fat  distribution  between 
the  exposed  and  control  groups  was  expected.  The  use  of  the  t-test,  which 
is  particularly  useful  in  dealing  with  small  samples,  does  allow  the  assump¬ 
tion  that  it  is  unlikely  that  any  significant  difference  existed  between 
the  two  groups  in  respect  to  percent  body  fat. 

The  assumption  that  affected  workers  with  abnormal  body  fat  after 
sufficient  exposure  to  TCE  vapors  would  self-select  away  from  that  job  en¬ 
vironment  proved  to  elude  firm  or  reasonable  validation.  Personnel  and 
budget  policies  at  the  facility  had  resulted  in  a  stable  woi'k  force  with 
very  few  new  workers  hired  during  the  previous  five  years.  With  only  a 
few  exceptions,  the  workers  in  both  groups  had  been  on  their  present  jobs 
for  at  least  several  years.  Personnel  records  were  not  available  to  deter¬ 
mine  to  what  extent  job  mobility  existed  in  general  at  the  facility  or  for 
the  study  subjects  specifically.  Discussions  with  supervisors  and  personnel 
officials  neither  confirmed  nor  negated  with  reasonable  certainty  that  the 


11 


12 


self-selection  process  assumed  by  this  study  had  been  operative. 

This  study  was  intended  to  serve  as  a  preliminary  survey  of  a  work¬ 
er  population  to  determine  if  such  a  cross-sectional  survey  night  be  effec¬ 
tive  in  assessing  the  single  dependent  variable  of  subject  percent  body  fat 
as  related  to  exposure  to  TCE  vapors.  Despite  the  failure  of  this  study  to 
demonstrate  such  a  relationship,  the  available  research  indicates  that  per¬ 
cent  body  fat  as  a  factor  in  tolerating  exposure  to  TCE  vapors  is  a  topic 
warranting  further  investigation. 

As  suggested  above,  a  cross-sectional  study  using  anthropometric 
data  to  determine  percent  body  fat  between  two  groups  of  workers  may  be 
more  definitive  and  supportive  of  &  hypothesis  if  the  study  sample  size 
could  be  enlarged.  A  multiple  site  study  might  be  required  to  acquire  a 
population  of  sufficient  size.  The  techniques  of  the  study  would  not  be 
difficult  to  adapt  to  multiple  site  use  since  the  measurement  procedures 
are  easily  learned  and  accurately  performed  particularly  by  medical  tech¬ 
nicians  and  therefore  the  techniques  and  data  acquisition  are  unlikely  to 
vary  significantly  among  study  sites.  The  determination  of  TCE  vapor  level 
in  the  workplace  would  need  to  be  more  precisely  made  by  standardization 
of  existing  in-house  procedures  or  by  processing  at  a  central  facility.  A 
difference  in  the  time-weighted  averages  of  TCE  vapor  levels  among  the 
sites  would  be  helpful  since  a  corresponding  gradient  of  subject  responses 
may  be  noted.  In  this  respect,  international  studies  would  ofi>»r  advan¬ 
tages  since  the  different  threshold  limit  values  for  TCE  established  in 
different  countries  would  present  a  gradient  of  exposure  levels  but  with 
each  site  operating  at  a  recognized  acceptable  level  of  exposure  to  the 
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The  question  of  adequate  job  mobility  to  ensure  sufficient  self¬ 
selection  in  response  to  TCE  vapor  symptoms  would  present  a  more  difficult 
problem  in  a  multiple  site  study.  In  the  present  study,  as  noted,  this 
factor  could  not  be  established  with  any  degree  of  certainty.  Job  mobility 
would  be  tlie  result  of  skill  levels,  training  programs,  company  policies, 
and  alternate  job  availability  as  determined  by  local  economic  conditions. 
In  addition,  company  personnel  records  would  be  anticipated  to  vary  widely 
in  their  usefulness  to  an  investigator  attempting  to  determine  comparabil¬ 
ity  of  job  mobility  between  the  sites  or  to  determine  factors  which  could 
correct  for  the  differences. 

A  shift  in  percent  boc  '  fat  distribution  between  an  exposed  and 
non-exposed  group  could  also  be  studied  using  a  prospective  cohort  design. 
Workers  upon  entry  could  be  randomly  assigned  to  a  job  with  TCE  vapor  ex¬ 
posure  or  a  job  without  TCE  vapor  exposure  and  their  job  changes  and  TCE 
vapor  exposure  tracked  over  a  several  year  period.  The  two  groups  could 
then  be  compared.  One  site  would  be  desirable  if  an  adequate  sample  size 
became  available  since  co-ordination  with  one  personnel  department  would 
facilitate  monitoring  of  job  mobility  and  prompt  assessment  of  related 
workplace  factors.  The  anthropometric  data  system  as  used  in  the  present 
study  could  be  used  since  the  system  has  adequate  validity  and  repeatabil¬ 
ity  for  the  purposes  of  the  study.  In  addition,  this  technique  was  readily 
acceptable  to  both  management  and  employees. 

Despite  explanations  of  the  purpose  and  procedures  of  the  study, 
many  of  the  subjects  initially  perceived  that  the  study  was  related  to  a 
weight  study  or  a  weight  control  program.  It  is  likely  that  this  belief 
would  be  maintained  by  some  of  the  subjects  in  a  long  term  prospective 
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study  where  periodic  determinations  of  percent  body  fat  may  be  required. 

It  is  conceivable  that  some  subjects  may  alter  their  weight  in  response  to 
such  a  belief.  Therefore  a  second  control  group  of  randomly  allocated  sub¬ 
jects  not  exposed  to  TCE  vapors  should  be  included  in  the  study.  This 
group  would  be  measured  for  percent  body  fat  once  at  the  beginning  and  once 
several  years  later  at  the  termination  of  the  study  and  the  distribution  of 
percent  body  fat  would  be  compared  with  the  second  or  serially  measured 
control  group.  Lack  of  a  significant  distribution  shift  between  the  two 
control  groups  would  provide  reasonable  assurance  that  mere  participation 
in  a  study  repeatedly  measuring  body  parameters  did  not  alter  the  dependent 
variable,  percent  body  fat,  since  subjects  measured  twice  during  a  several 
year  interval  would  be  unlikely  to  respond  by  altering  their  weight.  If  a 
shift  is  noted,  it  must  be  considered  as  a  factor  in  evaluating  any  distri¬ 
bution  shift  between  the  serially  measured  study  group  and  the  serially 
measured  control  group. 

However,  refinements  and  expansion  of  the  present  study  to  assess 
health  responses  to  low  level  TCE  vapor  by  observing  a  shift  in  worker  pop¬ 
ulations  based  on  abnormal  body  fat  may  still  prove  insufficient  to  substan¬ 
tiate  a  hypothesis.  Studies  directly  based  on  the  dynamics  of  absorption 
and  excretion,  metabolism,  and  detoxification  of  TCE  and  employing  biolog¬ 
ical  specimens  may  prove  to  be  more  effective  in  assessing  the  role  of  body 
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fat  as  a  factor  in  TCE  vapor  tolerance.  Although  a  complete  pharmacokinet¬ 
ic  profile  of  TCE  as  a  function  of  dose  and  route  of  exposure  is  not  avail¬ 
able,  sufficient  knowledge  regarding  its  physical  characteristics  and  meta¬ 
bolic  fate  is  available  to  aid  the  formulation  of  further  studies. 

Since  organic  solvents  are  generally  highly  volatile,  research  has 
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focused  on  the  inhalation  route  of  uptake,  noting  that  the  factions  excret¬ 
ed  by  the  lungs  and  the, faction  metabolized  varied  with  the  compound  under 
study.  The  rates  of  absorption  and  subsequent  excretion  are  largely  de¬ 
pendent  on  the  solubility  of  the  vapor  in  the  blood,  which  is  usually  ex¬ 
pressed  as  the  blood/air  coefficient.  A  vapor  that  has  a  high  blood/air 
partition  coefficient  is  readily  absorbed  by  the  pulmonary  circulation  and 
distributed  throughout  the  body.  The  excretion  rate  will  be  low  since  the 
blood  will  not  readily  release  the  substance  and  therefore  the  body's  expo¬ 
sure  to  the  solvent  is  prolonged.  While  in  the  body  the  solvent  is  distrib¬ 
uted  to  the  various  body  tissues  and  the  amount  taken  up  by  each  type  of 
tissue  is  determined  by  a  second  partition  coefficient,  the  tissue/blood. 
Generally  for  organic  solvents,  the  tissue/blood  partition  coefficients  are 
near  or  at  unity  with  the  exception  of  adipose  tissue. (Sato,  et  al. ,  1974, 
1977).  The  adipose  tissue/blood  partition  coefficients  for  organic  solvents 
are  high,  usually  on  the  order  of  ten  to  several  hundred.  Knowledge  of 
these  two  factors,  blood/air  and  tissue/blood  partition  coefficients,  are 
useful  is  assessing  the  potential  that  an  organic  solvent  has  for  accumula¬ 
tion  in  the  body  after  exposure. 

In  vitro  studies  to  determine  oil/water  partition  coefficients  have 
been  used  to  approximate  the  relationships  noted  above.  Significant  corre¬ 
lations  have  been  found  between  high  oil/water  partition  coefficients  and 
toxic  effects  as  manifested  by  narcotic  actions  or  of  recognized  nar¬ 
cotic  agents  (Hansch,  1971;  Miller,  et  al.,  1972).  Sato  and  Nakajima  (l 979) 
examined  the  pertinent  partition  coefficients  for  twenty  chlorinated  hydro¬ 
carbons,  including  tetrachloroethylene,  and  concluded  that  the  nonspecific 
narcotic  effects  of  organic  solvent  vapors  were  dependent  on  the  oil/air  or 
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oil/water  partition  coefficient.  In  addition,  they  demonstrated  a  high 
correlation  between  the.  various  partition  coefficients  and  the  threshold 
limit  values  for  each  substance,  including  TCE,  as  recommended  by  the  Amer¬ 
ican  Conference  of  Governmental  Industrial  Hygienists. 

Experimental  human  exposures  to  TCE  vapors  at  various  concentra¬ 
tions  between  1 ,060  ppm  and  106  ppm  during  an  early  study  concluded  that 
the  depression  of  the  central  nervous  system  was  the  only  symptom  complex 
of  concern  (Rowe,  et  al . ,  1952).  The  study  used  a  chamber  with  controlled 
vapor  levels  in  which  the  subjects  remained  for  varying  periods,  up  to 
eight  hours.  Reactions  to  the  TCE  vapors  were  determined  by  observation  of 
the  subjects' behavior  and  motor  co-ordination  and  by  the  subjective  re¬ 
sponses  of  the  subjects.  At  a  TCE  vapor  level  of  106  ppm  after  eight  hours, 
the  subjects  reported  that  the  odor  was  not  objectionable  but  some  minor 
eye  irritation  was  reported.  Motor  co-ordination,  however,  was  determined 
to  be  unimpaired.  A  two  hour  exposure  to  200  ppm  resulted  in  eye  irrita¬ 
tion,  nasal  discharge,  and  complaints  of  sleepiness  and  dizziness.  The 
investigators  proposed  100  ppm  as  the  maximum  level  for  routine  industrial 
exposure  based  on  their  results.  Levels  in  excess  of  200  ppm  were  not  rec¬ 
ommended  because  of  the  probability  of  decreased  mental  ability  and  a  less¬ 
ened  sense  of  "responsibility."  One  hundred  ppm  was  subsequently  accepted 

by  industry  and  later  written  into  regulations  by  the  Federal  government 

/ 

as  the  TLV  for  TCE  vapor  level. 

The  work  of  Stewart,  et  al . ,  (1970)  expanded  on  that  previously 
accomplished  by  Rowe.  Simulated  work  weeks  of  seven  hours  a  day  for  five 
consecutive  days  were  spent  by  the  subjects  in  a  chamber  with  the  TCE 
vapor  level  maintained  at  100  ppm.  The  resulting  signs  and  symptoms  of  the 
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subjects  were  more  precisely  noted  and  some  information  was  obtained  re¬ 
garding  the  excretion  pf  the  solvent.  Adverse  effects  were  noted  primari¬ 
ly  during  the  first  two  hours  of  exposure  and  included  mild  headache  (25$), 
mild  dysphasia  (25$),  and  sleepiness  (40$).  Although  the  subjects  tended 
to  become  more  tolerant  of  the  adverse  effects  as  the  five  day  study  pro¬ 
gressed,  the  authors  commented  that  some  of  the  subjects  appeared  to  be  un¬ 
usually  susceptible  to  TCE  under  the  test  conditions.  There  was  no  attempt, 
however,  to  correlate  the  increased  susceptibility  with  any  variable.  The 
authors  noted  that  the  solvent  wa3  exponentially  excreted  from  the  lung3 
with  most  excreted  within  the  first  24  hours  following  cessation  of  expo¬ 
sure  and  that  the  metabolism  of  TCE  was  an  insignificant  factor  in  its 
elimination.  The  residual  TCE  after  the  24  hour  period  was  believed  to  be 
due  to  absorption  by  and  slow  excretion  from  the  fatty  tissue.  Post-expo¬ 
sure  alveolar  concentration  of  TCE  was  noted  to  be  increased  in  those  with 
increased,  body  mass — body  fat  was  not  a  factor  considered  in  the  study  as 
reported.  In  view  of  the  information  cited  above  regarding  the  partition 
coefficients  of  TCE  referable  to  human  tissue,  a  repetition  of  Stewart's 
study  analyzed  for  percent  body  fat  of  the  subjects  would  be  helpful  in 
determining  the  effect  of  percent  body  fat  as  a  factor  in  tolerating  expo¬ 
sure  to  TCE  vapors. 

Further  studies,  whether  conducted  in  the  laboratory  or  in  the 

✓ 

workplace,  might  benefit  from  the  precision  of  an  objective  biological  test 
to  supplement  the  largely  subjective  responses  which  result  from  low  level 
TCE  vapor  exposure.  The  National  Institute  for  Occupational  Safety  and 
health  recommends  breath  analysis  to  evaluate  exposure  of  workers  to  the 
solvent.  Although  only  two  percent  of  TCE  is  metabolised  in  the  human  body 
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(Monster,  1979),  the  biological  half-life  of  trichloroacetic  acid,  the 
principal  metabolite,  has  been  measured  in  the  urine  of  occupationally 
exposed  human  subjects  (ikeda,  et  al . ,  1972).  Gas  chromatography-mass 
spectrometry  methods  are  available  to  accurately  assess  TCE  and  trichloro¬ 
acetic  acid  in  the  urine  (Braun,  1978)  and  such  information  could  be  useful 
in  studies  correlating  the  rate  of  decrease  of  residual  TCE  and  recovery 
from  adverse  effects  in  subjects  with  normal  and  abnormal  body  fat.  Accu¬ 
rate  measurements  of  the  solvent  in  expired  air  can  be  obtained  by  the  cryo¬ 
genic  sampling  system  described  by  Conkle,  et  al .  (1975).  Monster  and  Hout- 
kooper  (1979)  concluded  that  the  best  results  in  estimating  uptake  are  ob¬ 
tained  by  estimations  from  the  concentrations  in  blood  specimens,  and  that 
including  results  of  simultaneously  measured  concentrations  in  exhaled  air 
or  urine  did  not  improve  the  estimate.  The  human  subject  chamber  studies 
by  Hake,  et  al. , (l 976)  noted  that  breath  samples  for  TCE  immediately  post¬ 
exposure  and  eight  and  24  hours  later  were  accurate  indicators  of  the 
amount  of  TCE  absorbed  by  a  subject.  It  is  apparent  from  the  literature 
that  sophisticated  and  accurate  techniques  are  available  for  measuring  any 
of  the  three  biological  specimens  and  that  study  design  and  subject  accept¬ 
ability  will  dictate  the  methods  used. 

The  present  3tudy  assumed  that  adverse  response  to  the  TCE  vapor 
exposure  would  produce  a  population  less  sensitive  to  TCE  because  of  the 
ease  of  job  nobility.  Although  the  results  on  job  mobility  in  this  study 
are  uncertain,  the  concept  may  be  useful  in  further  studies  provided  that 
the  factors  contributing  to  job  changes  are  appropriately  considered.  A 
job  change  is  the  result  of  job  dissatisfaction,  broadly  interpreted.  Rele¬ 
vant  factors  include  unpleasant  work  tasks  or  working  conditions,  un satis- 
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fying  relationships  with  supervisors  or  fellow  workers,  dissatisfaction 
with  the  opportunities  'for  advancement  in  job  status  or  benefits  and,  of 
course,  the  expectation  that  a  change  will  result  in  improvement  in  one, 
several  or  all  of  these  factors.  Tetrachloroethylene  vapor  exposure  could 
be  one  element  contributing  to  an  unpleasant  work  environment.  The  present 
study  used  study  and  control  populations  which  performed  comparable  physi¬ 
cal  tasks  which  were  at  a  semi-skilled  level.  The  samples  selected  pro¬ 
duced  groups  which  performed  similar  tasks,  in  similar  environments  and 
working  conditions  (with  the  exception  of  the  TCE  exposure),  for  the  same 
pay,  benefits,  and  opportunities  for  advancement.  The  ability  to  match  the 
groups  was  facilitated  by  using  a  single  facility  for  the  study  and  would 
lend  support  to  a  single  site  study  being  the  most  desirable  for  this  type 
of  study.  Job  changes  due  to  dissatisfaction  with  the  work  tasks,  environ¬ 
ment,  and  opportunities  for  advancement,  i3  probably  less  significant  than 
intuitively  conceived  by  a  professional  or  an  investigator  since  semi¬ 
skilled  workers  often  are  more  job  stable  than  the  more  skilled  or  profes¬ 
sional  workers.  The  remaining  potential  variables,  unsatisfying  relation¬ 
ships  with  supervisors  or  fellow  workers  may  be  more  difficult  factors  to 
match.  The  determination  of  the  relation  of  job  changes  to  these  factors 
could  be  made  by  observation,  interviews  or  questionaires  designed  to  eval¬ 
uate  each  workplace  or  each  worker  out-migrating  from  a  TCE  environment. 
However,  this  approach  would  be  time-consuming  and  vulnerable  to  mis-classi- 
fication  because  of  the  subjective  nature  of  the  evaluation.  In  addition, 
the  intervention  necessary  to  make  the  assessment  might  alter  the  relation¬ 
ship  under  examination  by  making  the  supervisor  or  the  worker  more  aware  of 
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the  significance  of  the  event,  possibly  causing  a  reversal  of  the  employee's 
decision  and/or  the  supervisor's  future  relationships  with  employees  in 
that  shop.  This  would  introduce  a  new  and  probably  unmanageable  variable 
into  the  assessment  of  job  mobility. 

Although  human  behavior  and  relationships  are  the  product  of  a  mul¬ 
titude  of  factors,  many  difficult  to  quantify,  each  individual  is  usually 
consistent  in  his  response  to  certain  situations  or  environments.  For  ex¬ 
ample,  the  best  predictor  of  future  success  or  failure  in  an  academic  pro¬ 
gram  is  the  past  history  of  success  or  failure.  Likewise,  the  best  predic¬ 
tor  of  success  on  a  job  or  with  significant  relationships  is  a  past  history 
of  such  success.  This  consistency  of  human  behavior  can  be  applied  to  a 
study  where  job  mobility  resulting  from  dissatisfying  relationships  with 
supervisors  or  fellow  workers  needs  to  be  recognized  and  compensated  for  in 
the  analysis  of  the  data.  A  worker  known  to  have  made  frequent  job  changes 
in  the  past  would  not  be  accepted  into  the  study  group  since  a  job  change 
by  this  worker  would  likely  be  due  to  reasons  other  than  adverse  effects 
from  TCE  vapor  exposure.  For  the  purposes  of  the  study  it  is  unnecessary 
to  determine  specifically  why  this  worker  did  change  jobs.  The  necessary 
job  history  information  would  be  available  through  the  personnel  record 
already  used  to  track  the  worker  at  the  facility.  Although  some  valid 
adverse  rosponder3  to  TCE  vapors  may  be  eliminated  from  the  study  by  this 
method,  the  study  would  be  improved  in  quality  since  greater  confidence 
could  be  placed  in  the  mechanism  of  job  change  as  a  reaction  to  TCE  expo¬ 
sure. 

It  can  be  seen  that  a  number  of  different  approaches  of  study 
design  could  prove  effective  in  elucidating  a  relationship  between  body 
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fat  and  tolerance  to  TCE  vapors.  Experimental  studies  with  human  subjects 
exposed  to  controlled  vapor  concentrations  in  chambers  could  be  done  to 
measure  the  subjects'  objective  and  subjective  reactions.  However,  a  know¬ 
ledge  of  the  vapor  concentration  to  which  the  subject  was  exposed  would  not 
be  sufficient  to  determine  the  internal  concentration  of  the  solvent  that 
would  act  upon  the  central  nervous  system.  Variations  will  be  produced  by 
differences  in  the  minute  respiratory  volume  (Hake,  et  al. ,  1976)  resulting 
from  different  levels  of  activity  and,  more  important  for  the  purpose  of 
this  paper,  by  the  percent  body  fat.  As  noted,  several  laboratory  tests  of 
biological  specimens  are  available  to  assess  accurately  the  actual  internal 
levels  of  the  solvent.  Although  terminal  expiratory  phase  breath,  urine, 
and  blood  all  reflect  the  level  of  internal  solvent,  the  blood  specimen 
would  appear  to  be  preferable  since  it  would  sample  the  substance  in  the 
most  direct  contact  with  the  target  of  concern,  the  central  nervous  system. 
In  addition,  data  on  blood  specimens  may  prove  of  value  to  future  research¬ 
ers  who  may  approach  the  problem  by  studying  the  blood/fatty  tissue  or 
blood/nervous  system  interfaces.  However,  repeated  blood  specimens  may  be 
less  acceptable  to  subjects  particularly  outside  of  the  short-term  labora¬ 
tory  study  setting.  With  data  available  regarding  TCE  vapor  concentration 
exposure,  solvent  absorbed,  and  central  nervous  system  symptoms  and  signs 
for  each  subject,  the  percent  body  fat  could  then  be  measured  for  each 
subject  using  the  biceps  method  or  other  technique  (see  Appendix).  The 
data  would  be  analyzed  to  determine  if  a  relationship  existed  between 
severity  or  duration  of  adverse  effects  and  percent  body  fat  for  subjects 
with  comparable  blood  concentrations  of  TCE. 

A  workplace  study,  although  more  difficult  to  control,  can  also  be 
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of  value.  The  subjects  are  studied  in  the  environment  of  concern  while 
performing  the  tasks  normally  associated  with  the  job.  The  latter  is  impor¬ 
tant  since  Hake,  et  al.  ( 1 976)  demonstrated  that  the  amount  of  TCE  absorbed 
was  directly  related  to  respiratory  minute  volume  which  in  turn  was  related 
to  activity.  Provided  that  a  suitable  stable  worker  population  is  avail¬ 
able,  a  workplace  study  can  be  developed  into  a  long-term  project,  possibly 
as  part  of  an  existing  Occupational  Health  program.  This  attribute  is  of 
particular  value  where  the  effects  may  be  subtle  and  not  readily  attributed 
to  the  workplace  by  the  worker. 

The  results  of  the  present  study  and  the  information  presented  in 
this  discussion  Indicate  that  a  more  comprehensive  workplace  study  is  an 
appropriate  method  to  investigate  the  relationship  between  TCE  vapor  expo¬ 
sure  and  percent  body  fat.  The  study  preferably  would  U3e  a  single  indus¬ 
trial  facility  where  a  significant  number  of  employees  have  regular  expo¬ 
sure  to  TCE  vapor  in  a  work  environment  where  the  TLV  is  not  being  exceeded. 
A  review  of  the  periodic  surveys  for  TCE  vapor  levels  by  the  Occupational 
Hygiene  Department  would  be  necessary  to  confirm  compliance  with  the  stand¬ 
ard.  The  skill  level,  physical  tasks,  and  pay  level  for  the  jobs  where  the 
TCE  use  meets  the  requirements  of  the  study  will  be  determined  and  matched 
with  two  other  shops  where  exposure  to  organic  solvents  does  not  occur. 

Coordination  with  the  personnel  department  would  be  established  to  review 
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the  records  and  job  histories  of  those  entering  employment  at  the  facility 
in  the  shops  previously  established  as  participating  in  the  study.  Workers 
who  had  changed  jobs  in  excess  of  three  times  during  the  preceding  five 
year  period  would  not  be  accepted  for  the  study.  The  remaining  workers 
should  be  randomly  allocated  to  the  three  shops  to  comprise  the  exposure 
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group  and  the  two  non-exposure  groups.  The  subjects'  personnel  records 
will  be  identified  as  to  their  participation  in  the  study  and  arrangements 
made  to  inform  the  investigator  when  a  subject  changes  job  location.  When 
a  change  does  occur,  sufficient  information  must  be  available  in  the  records 
to  determine  if  a  skill  level  or  pay  level  changes  were  factors  in  the 
change  since  either  would  eliminate  the  subject  from  the  study. 

Percent  body  fat  w  ould  be  determined  for  subjects  in  all  three 

groups  upon  entry  into  the  study.  The  preferred  method  would  be  the  bi- 
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ceps  method  of  Fuchs  and  Lancaster  since  it  is  well  suited  to  field  stud¬ 
ies  and  has  adequate  validity.  The  required  measurements  would  be  obtained 
semi-annually,  when  possible  at  the  time  of  any  required  periodic  physical 
examination,  for  the  study  group  and  the  first  control  group.  The  second 
control  group  will  have  a  repeat  measurement  at  the  termination  of  the 
study,  tentatively  projected  at  three  years.  The  duration  of  the  study, 
however,  would  be  dependent  on  the  flow  of  workers  into  the  facility  gener¬ 
ating  a  sufficient  sample  size  over  time.  As  the  study  is  extended,  the  in¬ 
vestigator  must  assure  that  the  work  procedures,  TCE  use,  or  other  parame¬ 
ters  in  the  shops  under  study  are  not  being  altered. 

The  subjects  in  the  study  group  would  be  tested  at  regular  inter¬ 
vals  for  absorbed  TCE  levels.  End  tidal  breath  samples  would  be  collected 
in  the  workplace  one  to  two  hours  before  the  end  of  the  last  shift  of  the 
work  week  to  allow  each  subject  to  reach  his  maximum  saturation  with  the 
solvent.  Concentrations  of  solvent  will  vary  for  the  subjects  based  on 
their  percent  body  fat  and  because  it  is  unlikely  that  each  worker  would  be 
exposed  to  identical  vapor  levels  during  the  course  of  the  workday. 

Analysis  of  the  data  would  focus  primarily  on  determining  if  a 
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shift  in  distribution  of  body  fat  for  the  study  group  had  occurred  in  com¬ 
parison  to  the  control  group,  the  normally  distributed  body  fat  sample. 

The  direction  find  magnitude  of  the  shift,  if  statistically  significant, 
would  substantiate  the  hypothesis  that  abnormal  body  fat  is  a  factor  in 
tolerating  exposure  to  TCE  vapors.  The  TCE  breath  sample  data  would  be 
analyzed  to  determine  if  an  association  exists  between  concentration  and 
percent  body  fat.  Such  an  association,  in  conjunction  with  an  association 
with  an  out-migration  from  the  TCE  shop  would  significantly  substantiate 
the  hypothesis  since  a  gradient  of  response  would  become  apparent. 


t 


V  CONCLUSION 


Industrial  hygiene  and  occupational  health  disciplines  have  tended 
to  be  primarily  concerned  with  the  physical  and  chemical  techniques  for 
the  assessment  of  a  workplace  as  being  acceptable  or  unacceptable.  The 
body  of  literature  describing  the  pathology  that  results  when  workers  are 
exposed  to  unsafe  conditions  is  extensive  and  important.  However,  preoc¬ 
cupation  with  TLVs  or  other  environmental  measurements  and  classical  occu¬ 
pational  diseases  may  obscure  the  recognition  of  more  subtle  adverse  occu¬ 
pational  effects  (Hatch,  1974).  Individual  workers  bring  to  their  respec¬ 
tive  jobs  a  wide  variety  of  strengths  and  weaknesses,  from  muscular  power 
to  a  different  capacity  to  produce  an  important  liver  enzyme.  Depending 
on  the  stresses  of  his  specific  workplace,  such  biological  differences  may 
produce  varying  degrees  of  susceptibility  to  or  protection  from  the  adverse 
effects  from  exposure  to  the  stress.  When  the  biological  differences  are 
within  the  normal  distribution  for  the  worker  population,  the  adverse 
effects  are  likely  to  be  attributed  to  inadvertent  or  undetected  excessive 
exposure. 

The  results  of  a  study  which  attempted  to  detect  subtle  but  impor¬ 
tant  adverse  effects  to  a  common  industrial  solvent  in  relation  to  a  nor¬ 
mally  distributed  biological  variable,  body  fat,  was  presented.  Sugges¬ 
tions  are  offered  for  further  more  definitive  investigations.  Although 
job  mobility,  as  a  self-selection  process,  is  assumed  to  operate  in  general, 
particular  factors  regarding  the  worker  and  the  social  or  economic  situa¬ 
tions  may  impair  the  efficiency  of  this  process.  The  result  may  be  a  pre¬ 
valence  of  ill  health,  subtle  in  nature  but  still  a  considerable  burden 
to  the  employer-employee  community. 


APPENDIX 


The  method  used  t >  determine  percent  body  fat  is  based  on  the  proce¬ 
dure  developed  and  reported  by  Fuchs,  Theis,  and  Lancaster  (l 978) .  The  sys¬ 
tem  used  three  measurements:  height,  weight,  and  the  maximum  flexed-biceps 
circumference  of  the  dominant  arm.  Percent  body  fat  was  then  calculated 
from  the  equation: 

Percent  Body  Fat  = 

Wt(kg)  -  0.5143  x  Ht(cm)  -  0.01785  x  Biceps  circum. (cm)^  +  49.67  x  100 

tft(kg) 

The  teclinique  evolved  from  data  collected  on  198  men  who  were  also 
measured  by  the  tritium  dilution  method.  The  equation  was  validated  on  an 
additional  65  men,  comparing  measurements  obtained  by  tritium  dilution 
(r  =  0.9l),  K^°  wholebody  counter  technique  (r  =  0.90),  and  the  water  dis¬ 
placement  method  (r  =  0.86).  The  method  devised  by  Fuchs,  et  al.  is  often 
2 

called  the  biceps  technique  and  is  well  suited  to  field  studies,  requires 
minimal  training,  and  uses  readily  obtainable  equipment. 
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